Abstract: Plastic film mulching (PFM) has been widely used for saving water and 9 improving yield around the world, particularly in arid areas. However, the effect of 10 PFM in agriculture on soil respiration is still unclear, and this effect may be 11 confounded with irrigation and precipitation. To detect the effects of PFM, irrigation 12 and precipitation on the temporal and spatial variations in soil respiration, plastic explains why certain studies concluded that plastic mulch decreased soil respiration.
sensitivity of the soil respiration to soil temperature was weakened by extreme explains why certain studies concluded that plastic mulch decreased soil respiration.
40
The above results indicate that both irrigation and precipitation alter soil respiration 41 and this effect can be modified by plastic mulch. Therefore, whether the PFM
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47
respectively (Luo & Zhou, 2006) . Furthermore, the soil moisture content and 94 temperature are confounding rather than independent factors controlling the soil 95 respiration. The effect of temperature and moisture on soil respiration are only 96 regarding root and microbial responses to variations thereof throughout the soil 97 (Davidson et al., 1998) .
98
The spatial and temporal pattern of soil temperature and moisture are modified 99 significantly in a PFM field by the altering of the exchange of energy and water, and 100 the momentum between the soil and atmosphere (Bonan, 2008) . Plastic mulch hinders 101 energy entry into the soil in daytime ) with a high reflectance of 102 radiation (Tarara, 2000) and preserves the heat flux at night, which results in a higher layer (Mahrer et al., 1984) . Combined with drip irrigation, a PFM approach can 111 achieve better soil temperature and moisture conditions and obtain a higher yield and 112 water use efficiency (Yaghi et al., 2013) . These environmental improvements promote which results in a higher net primary production (NPP) (Gong et al., 2015) .
122
In addition to soil temperature and moisture, the spatial heterogeneity of CO2 123 concentrations and emissions are enhanced in a PMF field. Soil respiration involves 124 two critical processes, which include the CO2 produced in the soil by roots and 125 microorganisms and that transferred through the soil profile to soil surface. The CO2 126 concentration represents the production amount, and the emission represents the 127 transfer amount (Luo & Zhou, 2006) . Yu et al. (2016) showed that the CO2 128 concentration in ridges was much larger than in the furrows. The CO2 concentration in relative to the non-mulched field. Further, the author argued that the plastic mulch 138 increased the soil-to-atmosphere pathway of CO2 emission as most of the soil surface 139 (60%) was covered by mulch film, and the only pathways were furrows and small 140 plant holes. Therefore, the barrier of the plastic mulch would contain the CO2 141 underneath, which would restrain CO2 production and emission. Berger et al. (2013) 142 found extraordinarily low N2O fluxes from the plastic mulch and that N2O emission and semiarid regions (Lai et al., 2013) . Discrete precipitation pulses are important 174 triggers for the activity of plants and microbes and these factors combine to influence 175 the carbon balance (Huxman et al., 2004) . The effect of precipitation and irrigation on 176 soil respiration is related to the existing soil water condition, i.e., motivates soil 177 respiration in a dry soil and restrains soil respiration in moist soil (Dong, 2010) . After October to November. The planting style is "one film, one drip pipe beneath under the 219 film and four rows of cotton above the film" (Fig. 1) 
Experimental design
237
Schematic drawing of the experimental design for the mulched and non-mulched fields.
238
The mulched and non-mulched treatments were arranged in a randomized block 
where V is the soil water content and a, b and c are fitted constants.
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310
The plastic mulch altered all the field microclimate aspects such as the albedo, and 311 soil conditions such as the soil temperature and moisture, and crop growth conditions. drastic as the effect of frequent irrigation.
328
The soil moisture varied in response to irrigation and precipitation, and the greater 329 the irrigation and precipitation, the more drastic the variation. The soil moisture in the 330 ridges was mostly larger than in the furrows with the effect of frequent drip irrigation.
331
However, after heavy rainfall, the soil moisture in the furrow exceeded even that in Inter-annually, the LAI during 2016 was the greatest and that during 2015 was 343 smallest.
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348
The seasonal variations in the soil respiration over three years were approximately 
356
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Hydrol variations in the soil respiration were altered by both the irrigation and precipitation.
359
The irrigation obviously restrained the soil respiration during 2014, with the soil 360 respiration significantly decreasing to an extremely low value right after irrigation, 
368
The spatial heterogeneity was more enhanced in the mulched field than in the 369 non-mulched field. In the non-mulched field, the soil respiration in the nmr with the 
381
The accumulated soil respirations calculated per the area ratio of different parts in 
396
The soil respirations had distinct seasonal variations that were determined 397 primarily by the radiation, temperature and phonology although they were also frequently affected by irrigation (Fig. 3) . The soil respiration in different parts of the 399 mulched and non-mulched fields all increased with temperature and can be expressed 400 using exponential equations (Fig. 5) 
Irrigation and soil respiration
414
The soil moisture and respiration were significantly dynamic and fluctuated during 
434
The effect of irrigation on the soil respiration was presented by the soil respiration 435 relationship and days after irrigation with an irrigation cycle of approximately 6 days.
436
The soil respirations were extremely low after irrigation in the mr and nmr, and then, (Fig. 7b) . Moreover, these soil moisture thresholds were approximately 60% and 447 50% of the water-filled pore space (WFP), respectively. The soil temperatures in the 448 nmr and sometimes in the mr were smaller than in the mf due to the effect of 449 irrigation. The restrain threshold in the mf was smaller than in the mr, which could be 450 because in the ridges, the irrigation not only increased the soil moisture but also 451 decreased the soil temperature, i.e., reducing soil respiration (Fig. 7c) .
452
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Precipitation and soil respiration
453 454 Fig. 8 The response of the soil moisture and soil respiration to precipitation and irrigation during 2016.
455
In 2016, there were three big rainfalls of 36.8 mm, 12.8 mm, and 48 mm in the was greater than in the mr, sometimes even larger than in the mf after precipitation.
460
The soil respiration in the nmr was always greater than in the mp and mf, which was 
472
The effect of precipitation on the soil respiration in a wetting-drying cycle was greater than in the other parts, though it was also restrained. 
Effect of plastic mulch on soil respiration
519
The production and transfer of CO2 in the soil are both affected by the plastic 520 mulch. The production of CO2 in the soil is determined by the root and microbial 521 biomass, substrate supply, temperature and desiccation stress (Davidson et al., 2006) .
522
The soil temperature, soil moisture and crop growth are all improved in the mulched measured by uncovering the plastic mulch was much greater than in the furrows (mf).
532
This finding indicates that indeed much CO2 gathers beneath the plastic mulch 533 because of the plastic mulch barrier. The soil respiration in the ridges after uncovering 534 the mulch for 24 hours (om) (Fig. 9) was also prominently greater than in the ridges more CO2 in the furrows, and (Cuello et al., 2015) found that plastic film significantly 571 increased the CH4 and N2O greenhouse gas emissions.
572
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Effect of irrigation on soil respiration
573
The soil respiration was strongly dynamic and fluctuated due to the drastic 574 variations in the soil moisture because of the effect of frequent irrigation in the field 575 (Fig. 6 ). In the wetting-drying cycle, the SWC reached a high lever right after 576 irrigation, which restrained the soil respiration to an extremely low level. Moreover,
577
in the subsequent period, the SWC was gradually depleted as water evaporated from 578 the soil surface and was transported from the foliage canopy, which gradually 579 increased the soil respiration. Soil respiration right after a big precipitation was also 580 restrained significantly (Fig. 9 ). In the agriculture field, SWC was maintained at a soil with a high-water content (Dong, 2010) .
594
Our results indicate that both low and high SWC restrains soil respiration (Fig. 7b) .
595
The high-water-content restrain was caused by post irrigation during the growing higher than that of natural ecosystems, particularly in the arid areas.
606
The sensitivity of the soil respiration to temperature was weakened by irrigation
607
( plastic mulching, the threshold value was only 50% of the WFP (Fig. 6 ). This finding 618 may be because the soil respiration was more sensitive to soil moisture in a lower 619 temperature range because the soil moisture in ridges was higher than that in the 620 furrow, while the temperatures were lower than in the furrow. Therefore, the effect of affected by the change in soil moisture. To affect soil respiration, for example, the 634 precipitation took one day for the soil respiration to recover from the restrain to a 635 normal level, while irrigation took four days to recover (Fig. 6, Fig. 8 ). This 636 difference occurred because the drip irrigation decreased the soil temperature much 637 more than the precipitation did as the irrigation water was taken directly from a deep 638 well which was colder than the precipitation water. Therefore, the effect of soil water 639 on soil respiration was always confounded by the soil temperature (Davidson et al., 640 1998).
641
Our results show that the 12 mm precipitation had little effect on the soil moisture 642 and soil respiration. The 37.8 mm precipitation resulted in soil respiration in the mf 643 and nmf fields because the precipitation can directly infiltrate into soil in the furrows.
644
However, this precipitation event restrained soil respiration in the mr and nmr because 645 the precipitation cannot infiltrate into the soil in the mr but can infiltrate into the nmr.
646
This difference led the soil moisture in the mr still to decrease without irrigation and 647 the soil moisture in the nmr to be very high and restrain soil respiration. After the 48 648 mm precipitation, the soil respirations were all restrained in the ridges and furrows in 649 the mulched and non-mulched fields as the SWCs were all approaching 0.3 (Fig. 8 ).
650
The above arguments indicate that the effect of precipitation on the soil respiration 651 was determined by the SWC. As the SWC is related to the precipitation amount, the 652 amount and timing of the precipitation affected the soil respiration by affecting the
653
SWC.
654
The hydrological responses of precipitation in the field were changed by the plastic mulch and its physical non-permeability to water. Moreover, this barrier was 656 the reason the precipitation effect on the soil respirations was different in the mulched 657 and non-mulched fields. For example, the soil respiration in the nmr was larger than 658 in the mf and mh during 2016. However, the result was contrary in 2014 and 2015.
659
With little rainfall during 2014 and 2015, the soil moisture in the mf was larger than 660 in the nmr (Fig. 5) . Additionally, the strong evaporation in the nmr without the plastic 661 mulch protection and the fact that the soil moisture in the mr can horizontally 662 infiltrate into the mf are considered. The soil temperature in the mf was also larger 663 than in the nmr (Fig. 7c ). These two factors determined that the soil respiration in the Although the precipitation restrained the soil respiration at a high SWC right after 673 precipitation, the restrain was quickly depleted. Therefore, the precipitation increased 
